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Abstract: 

A polarization independent optical device capable of eliminating the apparent 
polarization dependence of a dielectric multi-layer film (24) and permitting the 
design of an optical path at an optional angle of incidence of light beam. The 
polarization independent optical device comprises a tapered double-refractive 
crystal disposed so that an optic axis thereof is perpendicular to an incident 
optical path, and a dielectric multi-layer film (24) disposed on an exit side of light 
beam with respect to the tapered double-refractive crystal (26). 
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@ Polarization Independent optical device. 

@ A polarization independent optical device ca- 
pable of eliminating the apparent polarization depen- 
dence of a dielectric multi-layer film (24) and permit- 
ting the design of an optical path at an optional 
angle of incidence of light beam. The polarization 
independent optical device comprises a tapered 
double-refractive crystal disposed so that an optic 
axis thereof is perpendicular to an incident optical 
path, and a dielectric multi-layer film (24) disposed 
on an exit side of light beam with respect to the 
tapered double-refractive crystal (26). 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a polarization 
independent optical device such as, for example, 
an optical coupler or an optical 
multiplexer/demultiplexer. 

Description of the Prior Art 

In an optical device for an optical communica- 
tion system. e.g. an optical 
multiplexer/demultiplexer or an optical coupler, 
constituted by a prism having a dielectric multi- 
layer film, in the case where the angle of incidence 
of light beam on the dielectric multi-layer film is as 
large as 20 * to 45 • . the polarization dependence 
of the dielectric multi-layer film is high and so the 
characteristics of the optical 

multiplexer/demultiplexer or the optical coupler are 
unstable. Such polarization dependence of the di- 
electric multi-layer film restricts the design of an 
optical path in the optical device because a semi- 
conductor laser having polarizability is used mainly 
as a light source for the optical communication 
system, and for eliminating this inconvenience, the 
development of an optical device with a polariza- 
tion independent dielectric multi-layer film has 
been pursued. 

Rg. 1 is a plan view of a conventional optical 
coupler assembly. Four fiber tens assemblies 4a. 
4b, 4c and 4d are mounted to a housing 2. Within 
the housing 2 is disposed a glass substrate 6. A 
coupler film 8 constituted by a dielectric multi-layer 
film and a non-reflective film 10 are stuck on the 
glass substrate 6. The angle of incidence, e, on the 
coupler film 8 from each of the fiber lens assem- 
blies 4a - 4d is set at a value not larger than 15* at 
which the polarization dependence of the coupler 
film 8 is not so high. 

For example, light beam emitted from the fiber 
lens assembly 4a is splitted at a predetermined 
split ratio by the coupler film 8 and then coupled to 
the fiber lens assemblies 4b and 4c. Light beam 
from the fiber lens assembly 4b is splitted at a 
predetermined split ratio by the coupler film 8 and 
then the coupled to the fiber lens assemblies 4a 
and 4d. In this way, light beam from the fiber lens 
assembly 4c or 4d is also splitted and coupled. 

Thus, heretofore, in order to avoid the influence 
of the polarization dependence of the dielectric 
multi-layer film, the angle of incidence of light 
beam on the same film has been kept to a value 
not larger than about 1 5 * in constituting an optical 
device. In this construction, however, it is difficult to 
set a reflected beam at right angles to or in parallel 
with a transmitted beam, and the construction of an 



optical path becomes complicated. 
SUMMARY OF THE INVENTION 

6 It is therefore an object of the present invention 

to provide a polarization independent optical device 
capable of eliminating the polarization dependence 
of a dielectric multi-layer film on the surface and 
permitting the design of an optical path at an 

10 optional angle of incidence of light beam. 

In accordance with an aspect of the present 
invention, there is provided a polarization indepen- 
dent optical device comprising a tapered double- 
refractive crystal disposed so that an optic axis 

75 thereof is perpendicular to an incident optical path, 
and a dielectric multi-layer film disposed on an exit 
side of light beam with respect to the tapered 
double-refractive crystal. 

Preferably, said optical device includes a 1/2 

20 wavelength plate having an optic axis Inclined 
22.5 • relative to a vibrating direction of P- or S- 
wave of the dielectric multi-layer film, provided on 
the light beam exit side with respect to the dielec- 
tric multi-layer film. 

25 In accordance with another aspect of the 

present invention there is provided a polarization 
independent optical device comprising a cubic 
t>eam splitter including first and second rectangular 
prisms each having a slant face, and a diel^tric 

30 multi-layer film formed in an interface between the 
first and second rectangular prisms which are stuck 
together at the respective slant faces, an incidence- 
side surface of the cubic beam splitter being in- 
clined at a predetermined angle relative to an in- 

35 cident optical path; and a tapfered double-refractive 
crystal stuck on the incidence-side surface of the 
cubic beam splitter and having an optic axis per- 
pendicular to the incident optical path. 

In accordance with a further aspect of the 

40 present Invention there Is provided a polarization 
independent optical device comprising a beam 
splitter having a dielectric multi-layer film; and an 
optical isolator disposed on a light beam Incidence 
side with respect to the said beam splitter and 

45 Including a polarizer, an optical rotator and an 
analyzer, the analyzer of the optical isolator having 
a transmitting polarization plane inclined 45* from 
vibrating directions of P- and S-waves of the di- 
electric multi-layer film. 

so According to the present invention, incident 

light beam can be brought into a non-polarized 
state by passing it through the tapered double- 
refractive crystal and hence the polarization depen- 
dence of the dielectric multi-layer film can be elimi- 

65 nated on the surface. As a result, it becomes 
possible to design an optical path at an optional 
angle of incidence of light beam and therefore 
possible to attain the reduction in size and higher 
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performance of an optical device. 

The above and other objects, features and ad- 
vantages of the present invention and the manner 
of realizing them will t)ecome more apparent, and 
the invention itself will best be understood from a 
study of the following description and appended 
claims with reference to the attached drawings 
showing some preferred embodiment of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a conventional optical 
coupler assembly; 

Rg. 2 IS a schematic diagram for explaining the 
principle of the present invention; 
Rg. 3 is a schematic diagram for explaining 
variations of polarization based on phase differ- 
ences; 

Fig. 4 is a plan view of a first embodiment of the 
present invention; 

Rg. 5 is a plan view of a second embodiment of 
the present invention; 

Rg. 6 is a plan view of a third embodiment of 
the present invention; 

Fig. 7 is a side view of the third emtxsdiment 
illustrated in Rg. 6; 

Rg. 8 is a plan view of a fourth embodiment of 
the present invention; 

Rg. 9 is a plan view of a fifth emtx}diment of the 
present invention; and 

Rg. 10 is a schematic constructing diagram of a 
sixth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First, the principle of the present invention will 
be explained below with reference to Rg. 2. 

In Rg. 2, the reference numeral 12 denotes a 
double-refractive crystal, e.g. quartz, having a taper 
angle e of approximately 2* or smaller, which 
crystal Is disposed in such a manner that an optic 
axis A thereof is perpendicular to an optical path of 
a light beam 14. The number of waves N of light of 
a wavelength X passing through a medium which 
has a refractive index represented by n and an 
optical path length represented by i is given as 
follows: 

N = nl/X (1) 

The mark Li in Rg. 2 represents a phase 
difference generating optical path length between 
ordinary light and extraordinary light. If an ordinary 
light refractive index of the tapered double-refrac- 
tive crystal 12 is no and an extraordinary light 
refractive index thereof Is ne. the phase difference 



between the ordinary light and the extraordinary 
light of the portion Li is given as follows: 

2vH = 27r(no - ne)Li/X (2) 

5 

On the other hand, the mark U in Fig. 2 
represents a phase difference generating optical 
path length for a single light of ordinary or extraor- 
dinary light because of a finite diameter of the light 
10 beam 14, The phase difference of a light beam of 
diameter D passing through the double-refractive 
crystal 12 having a taper angle 6 Is given by the 
following equation: 

75 2wt4 = 27rnDtand/X (3) 

Thus, when a light beam 14 having a diameter 
of 300 um or so is passed through the tapered 
double-refractive crystal 12, there is generated a 

20 phase difference about 20^ at both ends of the 
beam. Therefore, by passing a linearly polarized 
light beam 14 through the tapered double-refractive 
crystal 12. it can be brought into a non-polarized 
state. Thus, since a non-polarized light beam is 

25 incident on the dielectric multi-layer film, the po- 
larization dependence of the same film can be 
eliminated on the surface. 

Rg. 3 shows variations of polarization accord- 
ing to phase difference a. When the phase dif- 

30 ference is 0. a linearly polarized light beam is 
obtained. The light beam changes into an eliptically 
polarized light beam and then a circularly polarized 
light beam as the phase difference increases. And 
when the phase difference 6 becomes 2v, the 

35 polarization reverts to the' original linear -polariza- 
tion. 

Rg. 4 is a plan view of an optical coupler 
according to a first embodiment of the present 
invention. In this embodiment, a tapered glass plate 

40 20 and a tapered quartz plate 22 having an optic 
axis perpendicular to an incident optic path are 
stuck together to form a parallel flat substrate 26, 
and a coupler film 24 formed of a dielectric multi- 
layer film is vapor-deposited on the back of the 

45 tapered quartz plate 22. Incident light is brought 
into a non-polarized state by passing through the 
tapered quartz plate 22 of the substrate 26. and 
then impinges on the coupler film 24. Therefore, 
even if the angle of incidence is set at a large 

50 value of 45 * or so, there does not occur a polariza- 
tion dependence of the coupler film 24. For exam- 
ple, when the beam diameter is 1 mm and the 
taper angle of the tapered quartz plate 22 is 0.5 * , 
a phase difference of at least Stt relative to a 

55 linearly polarized light is obtained between both 
ends of beam. 

Preferably, the optic axis of the tapered quartz 
plate 22 Is set perpendicularly to the Incident op- 
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tical path and is inclined 45* relative to the vibrat- 
ing direction of P- or S- wave of the coupler film 
24, whereby P- and S-wave components for the 
coupler film 24 of the light emitted from the ta- 
pered quartz plate 22 can be made equal in ratio, 
and hence it is possible to eliminate the apparent 
polarization dependence of the coupler film 24 
completely. 

Fig. 5 is a plan view of an optical coupler 
according to a second embodiment of the present 
invention. In this embodiment, the parallel flat sub- 
strates 26 each with the coupler film 24 vapor- 
deposited thereon, shown in Fig. 4, are disposed in 
two stages to split light beam in two stages. In front 
of each coupler film 24 there is disposed a tapered 
quartz plate 22. This is because even If a non- 
polarized state is once obtained by the tapered 
quartz plate 22 of the first stage, a slight polariza- 
tion is induced in reflected light and transmitted 
light due to the polarization dependence of the 
coupler film 24, so it is necessary to attain a non- 
polarized state in each stage. 

Rg. 6 Is a plan view of a third embodiment of 
the present invention and Fig. 7 is a side view 
thereof. In this embodiment, a coupler film 24 
formed of a dielectric multi-layer film is sandwiched 
between two rectangular prisms 30 and 32 to form 
a cubic beam splitter 28. The beam splitter 28 has 
an incidence-side surface inclined by a predeter- 
mined angle, and a tapered quartz plate 22 having 
an optic axis A perpendicular to an incident optical 
path is stuck on the incidence-side surface. The 
beam splitter 28 is constructed so that its 
incidence-and exit-side surfaces are parallel to 
each other to prevent deflection of the optical path. 
Further, for ease of production, a cutout portion 28a 
is formed at one comer of the beam splitter 28. 

Rg. 8 is a plan view of a fourth embodiment of 
the present invention. In this embodiment, like the 
third embodiment, a coupler film 24 formed of a 
dielectric multi-layer film is sandwiched between 
two rectangular prisms 36 and 40 to form a cubic 
beam splitter 34. A tapered quartz plate 22 having 
an optic axis A perpendicular to an incident optical 
path is stuck on an incidence-side surface of the 
cubic beam splitter 34, while 1/2 wavelength plates 
40 each having an optic axis inclined 22.5 * relative 
to a vibrating direction of P- or S-wave of the 
coupler film 24 are stuck on exit-side surfaces of 
the beam splitter 34. 

Light beam which was non-F>olarized by the 
tapered quartz plate 22 upon incidence on the 
beam splitter 34 again becomes polarized at the 
coupler film 24. In this embodiment, however, an 
optical rotation of 45* is made by the 1/2 
wavelength plates 40 provided on the exit-side 
surfaces of the beam splitter 34, whereby P- and 
S-wave components for the next-stage coupler film 



is made equal in ratio and hence it is possible to 
eliminate the apparent polarization dependence for 
the coupler film provided in the next stage. 

Fig. 9 is a plan view of a fifth embodiment of 

5 the present invention in which light beam is splitted 
in three stages. A beam splitter 34 with both a 
tapered quartz plate 22 and a 1/2 wavelength plate 
40 stuck thereon, a beam splitter 42 with only a 1/2 
wavelength plate stuck thereon, and an ordinary 

70 beam splitter 44, are arranged in series in an 
optical path of light beam, whereby the polarization 
dependence can be eliminated with respect to all 
of coupler films. 

Fig. 10 is a construction diagram of a sixth 

75 embodiment of the present invention, in which the 
reference numeral 50 denotes an optical isolator 
comprising a polarized beam splitter (polarizer) 52, 
a YIG crystal 54, a 1/2 wavelength plate 56 and a 
polarized beam splitter (analyzer) 58. On a rear 

20 stage side of the optical isolator 50 there is dis- 
posed a cubic beam splitter 60 having a coupler 
film 62 in such a manner that a transmitting po- 
larization plane of the beam splitter (analyzer) 58 is 
inclined 45* from vibrating directions of P- and S- 

25 waves of the coupler film 62 which is formed of a 
dielectric multi-layer film. 

By disposing the optical isolator 50 and the 
beam splitter 60 in such a relation, P- and S-wave 
components for the coupler film 62 of the light 

30 emitted from the optical isolator 50 can be made 
equal in ratio, so that the apparent polarization 
dependence of the coupler film 62 can be elimi- 
nated. 

35 Claims * 

1. A polarization independent optical device com- 
prising: 

a tapered double-refractive crystal dispos- 
40 ed in such a manner that an optic axis thereof 

is perpendicular to an incident optic path; and 

a dielectric multi-layer film disposed on an 
exit side of light beam with respect to said 
tapered double-refractive crystal. 

45 

2. A polarization independent optical device ac- 
cording to claim 1. further including a tapered 
glass substrate stuck on said tapered double- 
refractive crystal so as to provide a surface 

50 parallel to one surface of the tapered double- 

refractive crystal inserted in the optical path, 
said tapered glass substrate having a taper 
angle equal to that of the tapered double- 
refractive crystal, and wherein said dielectric 

55 multi-layer film is formed on said one surface 

of the tapered double-refractive crystal. 

3. A polarization independent optical device ac- 
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cording to claim 1. further including a tapered 
glass substrate stuck on said tapered double- 
refractive crystal so as to provide a surface 
parellei to one surface of the tapered double- 
refractive crystal inserted in the optical path, 
said tapered glass substrate having a taper 
angle equal to that of the tapered double- 
refractive crystal, and wherein said dielectric 
multi-layer film is formed on said surface of 
the tapered glass substrate. 

4. A polarization independent optical device ac- 
cording to claim 1, further including a 1/2 
wavelength plate having an optic axis Inclined 
22.5* relative to a vibrating direction of P- or 
S-wave of said dielectric multi-layer film, pro- 
vided on the exit side of light beam with re- 
spect to the dielectric multi-layer film. 

5. A polarization independent optical device ac- 
cording to claim 1, wherein the optic axis of 
said tapered double-refractive crystal is per- 
pendicular to the incident optical path and is 
inclined 45 * relative to a vibrating direction of 
P- or S-wave of said dielectric multi-layer film. 

6. A polarization independent optical device com- 
prising: 

a cubic beam splitter including first and 
second rectangular prisms each having a slant 
face, and a dielectric multi-layer film formed in 
an Interface between said first and second 
rectangular prisms which are stuck together at 
the respective slant faces, said cubic beam 
splitter having an incidence-side surface in- 
clined at a predetermined angle relative to an 
incident optical path; and 

a tapered double-refractive crystal stuck 
on said incidence-side surface of said cubic 
beam splitter and having an optic axis per- 
pendicular to the incident optical path. 

7. A polarization Independent optical device ac- 
cording to claim 6, further including a 1/2 
wavelength plate provided on at least one sur- 
face on a light beam exit side of said cubic 
beam splitter, said 1/2 wavelength plate having 
an optic axis inclined 22.5' relative to a vibrat- 
ing direction of P- or S-wave of said dielectric 
multi-layer film. 



9. A polarization independent optical device com- 
prising: 

a first cubic beam splitter including a first 
dielectric multi-layer film, a tapered double- 

5 refractive crystal formed on a light beam 

incidence-side surface thereof and having an 
optic axis perpendicular to an incident optical 
path, and a first 1/2 wavelength plate formed 
on a light beam exit-side surface thereof and 

10 having an optic axis inclined 22.5 * relative to a 

vibrating direction of P- or S-wave of said first 
dielectric multi-layer film; 

a second cubic beam splitter disposed on 
the light beam exit side with respect to said 

IS first cubic beam splitter, said second cubic 

beam splitter including a second dielectric 
multi-layer film and a second 1/2 wavelength 
plate formed on an exit-side surface thereof, 
said second 1/2 wavelength plate having an 

20 optic axis inclined 22.5* relative to a vibrating 

direction of P- or S-wave of said second di- 
electric multi-layer film; and 

a third cubic beam splitter disposed on the 
light beam exit side with respect to said sec- 

25 ond cubic splitter, said third cubic beam split- 

ter including having a third dielectric multi- 
layer film. 

10. A polarization independent optical device com- 
30 prising: 

a beam splitter having a dielectric multi- 
layer film; and 

an optical isolator disposed on a light 
beam incidence side with respect to said beam 

35 splitter, said optical feolator and including a 

polarizer, an optical rotator and an analyzer, 
the analyzer of said optica! isolator having a 
transmitting polarization plane inclined 45 * rel- 
ative to vibrating directions of P- and S-wave 

40 of said dielectric multi-layer film of said beam 

splitter. 



45 



so 



a A polarization independent optical device ac- 
cording to claim 6, wherein the optic axis of 
said tapered double-refractive crystal is per- 
pendicular to the incident optical path and is 55 
inclined 45* relative to a vibrating direction of 
P- or S-wave of said dielectric multi-layer film. 
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